With the development of techniques for the qualitative and quantitative study of isoenzymes (Latner and Skillen, 1961; Van der Helm, Zondag and Klein, 1963; Gerhardt, 1963 et al; Richterich, Schafroth and Aebi, 1963) some attention has been drawn to a study of isoenzymes in cancer. We have been studying isoenzymes of lactate dehydrogenase, leucine aminopeptidase, and alkaline phosphatase chiefly, using starch-gel electrophoresis. The gel buffer used is Tris-HCl 0·025 M, pH 8·6 and by this method five zones of activity of LDH and three zones for LAP can be well separated.
With the development of techniques for the qualitative and quantitative study of isoenzymes (Latner and Skillen, 1961;  Van der Helm, Zondag and Klein, 1963; Gerhardt, 1963 et al; Richterich, Schafroth and Aebi, 1963) some attention has been drawn to a study of isoenzymes in cancer. We have been studying isoenzymes of lactate dehydrogenase, leucine aminopeptidase, and alkaline phosphatase chiefly, using starch-gel electrophoresis. The gel buffer used is Tris-HCl 0·025 M, pH 8·6 and by this method five zones of activity of LDH and three zones for LAP can be well separated.
A study of isoenzymes in cancer sera has, as have enzyme determinations, shown no ' cancer specific changes' though distributions are sometimes abnormal. For example, LAP shows three zones of activity, in contrast to the normal one, in cases of lymphosarcoma (Kowlessar, Haeffner and Riley, 1961) , obstructive jaundice secondary to tumour, metastatic carcinoma to the liver and sometimes in cancer of the gastrointestinal tract.
Other body fluids show abnormalities of distribution in cancer, for example, in malignant effusions LD 1 and LD 2 (the slowest migrating isoenzymes of LDH in our nomenclature) account for more than 30 % of the total LDH (Richterich, Locher, Zuppinger and Rossi, 1962) . Characteristic distributions have also been reported in CSF LDH in some cases of metastatic carcinoma to the brain (van der Helm, Zondag and Klein, 1963) .
The isoenzymes of tumour tissues show a marked uniformity of pattern when similar amounts of activity are used. With regard to LDH, tumour tissues show predominantly LDl> LD 2 and LD a • When compared with normal adult tissues the tumour tissues show a shift to the slower migrating zones (those associated with aerobic glycolysis). Foetal tissue extracts are very similar to tumour tissues in isoenzyme distribution.
Abnormal isoenzymes are sometimes detected in tumours though they are not common, and similar abnormalities can be detected in foetal tissues. Abnormal LDH isoenzymes are usually present in the LD a region and preliminary studies on crude isoenzyme preparations (Starkweather and Schoch, 1962) have shown a difference in Michaelis constants for tumour LD a and normal adult LD a which suggests that the former may be a structurally different protein.
METHODS AND TECHNICAL NOTES
The Use of a Cation Exchange Resin as an Aid to the Identification of Amino Acids by Paper Chromatography and Other Means S. L. TOMPSETT
BIOCHEMICAL LABORATORY, NORTHERN GENERAL HOSPITAL EDINBURGH
The use of a cation exchange resin as a preliminary to the qualitative and quantitative examination of basic substances of physiological and pathological interest in biological fluids e.g, urine, has distinct advantages [Tompsett (1959 [Tompsett ( -1962 J. The writer has used the following two
The distribution of amino acids in the eluates is shown in the Table 1. A mixture of 10 ml. of urine and 1 ml. of ION hydrochloric acid are diluted to 100 mI. with water. The mixture is applied to the column which is then washed with 100 mI. of O·IN hydrochloric acid. Elutions are then made with 100 mI. quantities of O'5N, N, 2·5N and SN hydrochloric acid in that order. The eluates are evaporated to dryness in an all glass vacuum still.
By the use of the small column and the elution of retained substances by hydrochloric acid of increasing normality, the amino acids may be separated into four fractions. This separation may be achieved with the minimum of equipment and labour. The advantages of such a separation are (1) a direct aid to identification, (2) ease of application of any distinctive colour reaction and (3) an easier interpretation of paper chromatograms.
types of column for this purpose :-(a) Small Column
The resin, 3 g. of Dowex 50W X 12 (200-400 mesh) is contained in a glass tube fitted with a sintered glass base (Quickfit and Quartz Ltd.), The dimensions of the operational column are height/70 mm. and diameter/IO mm. The column is washed with 80 mI. of 8N hydrochloric acid, followed by water until the effluent is neutral in reaction.
(b) Large Column
The resin, 30 g. of Dowex 50W X 12 (200-400 mesh) is contained in a glass tube fitted with a sintered glass base (Quickfit and Quartz Ltd.). The dimensions of the operational column are height/I40 mm. and diameter/If mm. The column is washed with 250 mI. of 8N hydrochloric acid, followed by water until the effluent is neutral in reaction.
The following initial applications are made to the columns :- arginine, tyramine, histamine.
Some particularly useful separations can be achieved. Tyrosine and tyramine, both of which can be recognised by means of the 1 nitroso 2 naphthol/ nitric acid reaction are easily separated and so are histidine and histamine which can be recognised by means of the Pauly reaction. Phenylalanine behaves in an unusual manner in that it does not occur in the fraction containing the other neutral amino acids. Amino acids containing a free sulphide group e.g. cysteine, penicillamine, are not found in urine in appreciable quantities, the disulphide forms usually predominating. When substances containing a free sulphide group are applied to columns, a high proportion is converted to the disulphide form.
When the small column is used and 10 ml. of urine are applied, all amino acids are completely retained with the exception of taurine and phospho-ethanolamine. Taurine is only partially retained and phospho-ethanolamine not at all. When the large column is used and 100 ml. of urine applied; all amino acids, including taurine and phospho-enthanolamine are completely retained.
The fractionation of urinary amino acids by elution with hydrochloric acid of increasing normality has proved more difficult when applied to the large column. Elution with Aqueous Ammonia Amino acids retained on columns may be removed by elution with aqueous ammonia (6N), 100 mI.
being sufficient for the small column and 300 ml. for the large column. The eluates may be evaporated to dryness in an all glass vacuum still. Differential elution with ammonia has not been attempted.
Elution with hydrochloric acid may have disadvantages such as the recovery of amino acids as the hydrochlorides and the hydrolysis of peptides during the concentration procedure. The latter does not occur to the same extent when ammonia is employed as the eluant. A combination of the two processes of elution may be an advantage in some cases.
The hydrochloric acid eluates may be diluted with water until the normality of the acid has been reduced to O·IN. The solution is then applied to a large column. The column is washed with 200 mI. of water and then the amino acids are eluted with 300 ml. of aqeuous 6N ammonia solution.
There may be interest in those amino acids present in the 2'5N and 5N hydrochloric acid eluates only. A modification in procedure may be an advantage in such a case. After the amino acids have been retained on the small column, the column is washed in order with 100 ml. of Taurine and Phospho-ethanolamine The column technique of Garvin (1960) has been found to be especially useful when the particular examination for taurine and phospho-ethanolamine is required.
Urine is passed through an anion and then a cation exchange resin in turn. Interfering substances are retained and taurine and phosphoethanolamine are recovered in the effluent.
The glass equipment is similar to that used in the preparation of the small cation exchange column. The lower layer consists of 1·5 g. of Dowex 50 X 4 (200--400 mesh). Above this is superimposed 1·5 g. of Dowex 1 X 10 (200-400 mesh). The operational dimensions of the column are height/70 mm. and diameter/In mm. The column is washed with 200 ml. of 4N hydrochloric acid and then with water until the effiuent is neutral. The anion exchange resin is in the chloride form. 10 ml. of neutral urine are diluted to 100 ml. with water and then applied to the column. The column is then washed with 100 ml. of water. The combined effluents, containing both taurine and phospho-ethanolamine, may be evaporated to dryness. Other ninhydrin reacting substances should be absent. Distinction between Taurine and Phospho-ethanolamine : 5 ml. of 6N hydrochloric acid are added to the effluent residue and the mixture heated in a boiling water bath for 15 minutes. The mixture is evaporated to dryness and the residue dissolved in water. The solution is applied to an anion/cation exchange resin column. The column is then washed with 100 ml. of water.
Taurine is present in the effluent and may be recovered after evaporation.
As a result of the hydrolytic treatment, phospho-ethanolamine is converted into ethanolamine which is retained by the column. Ethanolamine may be recovered by elution with 100 ml. of N hydrochloric acid.
